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SPIN DEPENDENT NN AND NN INTERACTION FROM THE PARIS POTENTIAL 
B. Loiseau 
Division de Physique Théorique*, Institut de Physique Nucléaire, 
91406 Orsay, France 
and 
LPTPE, Université Pierre et Marie Curie, 75230 Paris Cedex OS, France 
Résumé — Dans cet exposé nous voulons illustrer ce qui est compris pour les 
interactions Nucléon-Nucléon (NN) et Nucléon-antinucléon (NN) - leur dépen-
dance en spin en particulier - en termes d'échange de mésons et éventuelle-
ment de résonances pion-Nucléon (nN) à l'aide de l'exemple du Potentiel de 
Paris. 
Abstract - In this talk we would like to illustrate what is understood in 
low and medium energy NN and NN interactions - their spin dependence in par-
ticular - in terms of meson exchanges and eventually irN resonances through 
the example of the Paris potential. 
I - INTRODUCTION 
In the experimental study of the NN interaction at low and medium energy it was early 
realized /!/ that the observed non-zero values for NN polarization and depolarization 
parameters were a signal to the existence of the spin dependence of the NN interac-
tion. Besides a central force not only a long ranged tensor but also a medium ranged 
spin-orbit force were necessary. After the discovery of the ir-meson, postulated by 
Yukawa /2/ as being the mediator of the NN force, one has found that the long ranged 
one-pion-exchange (OPE) force, which is of spin-spin and tensor type,did not generate 
the needed amount of spin-orbit force. Such a component was then thought to be gene-
rated by 2ir-exchange, in particular 2ir correlated in P-wave i.e. the vector-isovector 
p-meson (760 MeV) considered in the one-boson-exchange (OBE) models. The relatively 
large size of the differential cross section, doYdn, indicates an intermediate range 
attraction not explained by the pion exchange but again by 2ir exchange, specially 
correlated in S-wave (the non-observed scalar-isoscalar "e" (^ 550 MeV) introduced in 
OBE potential models). When the existence of the excited states of the Nucleon was 
demonstrated in the TTN scattering experiments, mainly that of the spin 3/2, 
isospin 3/2,A(1232 MeV), it became evident that any theoretical approach to the low 
and intermediate energy NN interaction should take into account this supplementary 
degree of freedom. The 27T-exchange box diagram with a nucleon and a A and that with 
two-A intermediate states contribute to the medium range attraction and to the non-
locality (energy dependence in particular) of the NN force. Part of the short range 
repulsion has been then accounted for by the u (783 MeV)-exchange. Furthermore the 
finite size of the nucleon and its structure in term of quarks, proven in deep elas-
tic scattering experiments, lead to think that the short range NN force arising from 
quark interactions (quark-gluon exchanges) is of complicated nature. 
The most appropriate tool to derive the long and medium ranged NN force taking into 
account the pionic and isobaric degree of freedom is that of the use of dispersion 
relations /3/. After the pioneering works of ref.(4), there has been several attempts 
trying to explain and reproduce the complexity of the NN interaction in these terms 
/5,6,7/. In this talk, to illustrate what is theoretically known on the long and 
intermediate range NN force at medium energy, we shall restrict ourselves to the 
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approach t o  t h e  problem by t h e  P a r i s  group 171. It is not  t h e  only  group which has  
s tud ied  t h i s ,  i n  p a r t i c u l a r  t h e r e  h a s  been a  l a r g e  amount of work performed by t h e  
Stony-Brook group / 6 / .  
This  t a l k ,  n o t  being a  review, we apo log ize  t o  au thors  who have devoted some of t h e i r  
t ime t o  t h e  s tudy of t h e  NN/N i n t e r a c t i o n  and who w i l l  not  b e  quoted here .  We r e f e r ,  
f o r  completness,  t o  t h e  r e c e n t  NN and NN reviews of r e f .  (8) and (9)  r e spec t ive ly .  
Af te r  a  b r i e f  r e c a l l  i n  s e c t i o n  I1 of how was b u i l t  t h e  P a r i s  NN p o t e n t i a l  we s h a l l  
i l l u s t r a t e ,  i n  s e c t i o n  111, t h e  s p i n  dependence of t h e  NN i n t e r a c t i o n  by summarising 
t h e  e f f e c t  of t h e  d i f f e r e n t  components of t h e  f o r c e  on d i f f e r e n t  NN observables  a t  
low energy i . e .  f o r  TL ( l abora to ry  k i n e t i c  e n e ~ g y )  l e s s  than  .35 GeV o r  ~ ~ 4 . 8 8  GeV/c. 
Sec t ion  I V  w i l l  demonstra te  how one can u s e  t h e  d i s p e r s i o n  r e l a t i o n  approach t o  d e r i -  
v e  t h e o r e t i c a l  c o n s t r a i n t s  on t h e  NN i n e l a s t i c i t y  parameters i n  t h e  one- and two - 
pion product ion reg ion ,  .35 GeV 4 TL 6 2.5 GeV o r  .8R_ GeV/c d pL 6 3.3 GeV/c. Sec t ion  
V w i l l  i l l u s t r a t e  t h e  s p i n  dependence of t h e  P a r i s  NN i n t e r a c t i o n  b u i l t  up from 
cons t ra ined  phenomenology and through G p a r i t y  t ransformat ion from t h e  P a r i s  Poten- 
t i a l .  Some concluding remarks and out look w i l l  b e  drawn i n  t h e  last s e c t i o n .  
I1 - RECALL ON THE PARIS POTENTIAL 
Let  u s  h e r e  r e c a l l  b r i e f l y  some formulae showing how was b u i l t  t h e  P a r i s  P o t e n t i a l  
171. The sp in - i sosp in  dependence of t h e  NN s c a t t e r i n g  ma t r ix  can be  w r i t t e n  a s  
5 
+I +2 M(w,t) = [3p:(w,t) + 2p-(w,t) i t .T I Pi (2.1) 
i= 1
where w and t a r e  t h e  u s u a l  Mandelstam va- 
r i a b l e s  ( see  Fig. 1) 
Fig.  1 - Label l ing of t h e  nucleons and Pi t h e  5  fol lowing p e r t u r b a t i v e  inva- 
r i a n t s ,  
i i The T and y a r e  t h e  i s o t o p i c  s p i n  P a u l i  and Dirac  ma t r i ces  of t h e  nucleon i ( i = 1 , 2 )  
r e s p e c t i v e l y  and 
The long range OPE ampli tude (pion pole)  wi th  pseudoscalar  coupl ing is  then 
2 
where g  is  t h e  nN coupl ing cons tan t ,  gIrN,41r = 1'4.43 and t h e  pion mass. 
IrN 
l'he i n t e rmed ia te  range 21r-exchange ampli tude is  ca lcu la ted  wi th  t h e  u s e  of d i spe r -  
s i o n  r e l a t i o n s  and u n i t a r i t y .  One can b a s i c a l l y  w r i t e  
The u n i t a r i t y  of t h e  S matr ix ,  SS+=I, wi th  S = l + i M ,  when s a t u r a t e d  by t-channel 
exchanges l e a d s  t o  
This equat ion g i v e s  I m  M i n  t e r m s  of t h e  -+ 2n amplitude i t s e l f  r e l a t e d  t o  t h e  nN 
amplitude. This  a l lows t o  w r i t e  f o r  t h e  p;(w,t) sub t rac ted  d i s p e r s i o n  r e l a t i o n s  of 
t h e  type /7 /  (we suppress  t h e  i and + o r  - dependence f o r  s i m p l i c i t y )  : 
2 
m being t h e  nucleon mass, w = 2m2 - t / 2  t h e  s u b t r a c t i o n  po in t  and t = 4m - w - t. 
The S ( t )  and S l ( t )  s u b t r a c t i o n s  correspond t o  t h e  exchange of 2n cor re la ted  i n  a  S- 
and PO wave r e s p e c t i v e l y  and a r e  c a l c u l a t e d  i n  terms of t h e  NN -+ 2 r  S- and P- wave 
h e l i c i t y  amplitudes / lo / .  The S- wave exchange, responsable  of t h e  needed medium 
range a t t r a c t i o n ,  is replaced i n  t h e  OBE models by a  f i c t i t i o u s  s c a l a r ,  i s o s c a l a r  E 
o r  0 meson. The P- wave exchange, replaced by t h e  v e c t o r ,  i sovec to r  ~ ( 7 7 0  MeV) meson 
i n  OBE models, is t h e  agent  of t h e  medium range sp in -orb i t  f o r c e  and i t a l s o  'diminishes 
t h e  s t rong  t ensor  f o r c e  a r i s i n g  from t h e  n-exchange. The double  s p e c t r a l  func t ions  
y ( w ' , t l )  a r e  ca lcu la ted  i n  terms of t h e  absorp t ive  p a r t s  I m  and I m  B " ~  of t h e  nN 






y ( w ' , t l )  =/ d s ' J ds9* R(w ' , t ' , s ' , s l* )  I m  A ( s r , t ' )  I m  B ( s f l , t ' )  (2.9) 
(m+d (m+v) 
s' and s" being t h e  mN sub energies  ( s e e  Fig. 2).  The term wi th  w replaced by t cor- 
respond t o  t h e  crossed diagram (Fig. 2b). K(w ' , t ' , s l , s " )  is t h e  Mandelstam Kernel 
which de f ines  t h e  domain of i n t e g r a t i o n  (s tmax and st' 1. 
max 
a > b 
Fig. 2 - Diagrams represen t ing  t h e  uncor re la ted  2n exchanges. The blobs represen t  t h e  
r N  i n t e r a c t i o n  with  sub energ ies  s '  and s", including t h e  nucleon po le  term. 
The r N  absorp t ive  p a r t s  a r e  known from phase s h i f t  a n a l y s i s  (PSA) i n  terms of p a r t i a l  
wave amplitudes as 
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In  t h e  P a r i s  p o t e n t i a l  use was made of t h e  Glasgow 70, nN - PSA / I  I /  . ~ h e s e  should be 
replaced by more up t o  d a t e  TN -PSA a s  t h a t  of Karlsruhe-Helsinki 78, /12/,although 
the  dominant e f f e c t , a s  i t  w i l l  be  show l a t e r  ( see  sec t ion  IV) ,a r i ses  from t h e  well  
known BN, E=1,  spin-isospin 312 wave i . e .  t h e  A resonance which dominates the  low 
energy BN sca t te r ing .  
A t  low energy and when t h e  one-pion production is  s t i l l  small i . e .  f o r  TL\<3.5 GeV 
the  use of t h e  Schrgdinger equation with a NN p o t e n t i a l  is  very adequate t o  describe 
the  NN in te rac t ion .  The NN amplitudes previously described lead i n  configurat ion 
space and f o r  a  given i sosp in  1=0 o r  1, t o  a  p o t e n t i a l  of t h e  type : 
with t h e  following c e n t r a l ,  spin-spin, tensor ,  spin-orbi t  and quadrat ic  spin-orbit 
terms . 
I n  eq.(2.12) the  i sosp in  supersc r ip t s  have been dropped out f o r  s impl ic i ty .  It can 
be seen t h a t  the  non-locality has been c a s t  i n t o  a  ve loc i ty  dependent term i n  the  
c e n t r a l  and spin-spin components. The phenomenological shor t  range p a r t  r < .8 fm 
added t o  t h e  t h e o r e t i c a l  long and medium range p a r t  a r i s i n g  from one-pion-, two-pion- 
exchanges, a s  described above and u-and A1-exchanges, a s  p a r t  of t h e  3n-exchanges, 
is  then f i t t e d  i n  such a  way t h a t  t h e  f u l l  p o t e n t i a l  reproduces well t h e  NN da ta  1131. 
111 - SPIN DEPENDENCE OF THE NN INTERACTION 
The study of the  c o r r e l a t i o n s  between t h e  sp in  components of t h e  P a r i s  Po ten t ia l  and 
NN observables has  been f u l l y  described i n  r e f .  (14) t o  which we r e f e r  t h e  in te res -  
ted reader  f o r  d e t a i l s .  We here g ive  a  summary of the  main conclusions. The ve loc i ty  
dependent component, a t t r a c t i v e  a t  low energy and repuls ive  a t  high energy plays a  
r o l e  a t  a l l  energies. The po la r i sa t ion  P, t h e  depola r i sa t ion  D and t h e  parameters D t ,  
A, R, CKP and Cm a r e  good t e s t s  f o r  t h e  t ensor ,  spin o r b i t  and, t o  a  smaller ex ten t ,  
quadrat ic  spin-orbi t  forces .  The isovector  tensor  fo rce  con t r ibu t ion  is  important a t  
low energy and t h a t  of t h e  isovector  spin-orbi t  a t  high energy. The i sosca la r  tensor  
fo rce  e f f e c t  is  l a r g e  a t  a l l  energies  and t h a t  of t h e  i s o s c a l a r  spin-orbit fo rce  
r a t h e r  small.  The p o t e n t i a l  without quadrat ic  spin-orbi t  term reproduces well t h e  
experimental da ta  f o r  TL -15 GeV. 
I V  - THEORETICAL CONSTRAINTS ON NN INELASTICITIES UP TO TL=2. 5 GeV OR PL=3 .3 GeV/c 
We show h e r e  how t h e o r e t i c a l  c o n s t r a i n t s  on high p a r t i a l  wave NN i n e l a s t i c i t i e s  can 
be obtained using t h e  dispersion r e l a t i o n  approach. Let us  r e c a l l  t h a t ,  i f  t h e  par- 
t i a l  wave of t h e  S matr ix a r e  parametrized f o r  uncoupled s t a t e s  a s  
and f o r  coupled s t a t e s  a s  
'i'L= jT1  
x T = C O S 2 €  T l  
s = (" ") wi th  e . g  1 J L = J ~ I ~  
i('L,J-l + 'L=J+l + a) 
i Y  X+ Y = s i n  2~ 
J 
t h e  t o t a l  i n e l a s t i c  c r o s s  s e c t i o n  is  
The c o e f f i c i e n t  2J+1 enhances t h e  p e r i p h e r a l  p a r t i a l  wave ( l a r g e  J )  c o n t r i b u t i o n  t o  
'1ne1. On t h e  o t h e r  hand, t h e  use  of u n i t a r i t y  t e l l  u s  
" ~ n e l  = C B I < N N I T I B > I ~  = ~ r n  < N N I T ' ~ ~ ' ~ N N >  
I n e l a s t i c  
channel 
and f o r  .4 GeV < TL 4 1 GeV, B = NNn and rid and f o r  1  GeV < TL 6 2.5 GeV, B = N N s  
and NNriv. We a r e  not  going t o  consider  h e r e  t h e  sd channel ,  t h e  c r o s s  s e c t i o n  of 
which peaks a t  TL % .65 GeV wi th  a  v a l u e  of 3.2 mb. The p e r i p h e r a l  p a r t  of TIne1 is 
given by  IT-exchange and t h e  high p a r t i a l  wave c o n t r i b u t i o n  t o  0 
then be  c a l c u l a t e d  from t h e  imaginary p a r t s  of t h e  diagrams of I n e l  :::: ;e4) can 
s", 
a )  lnN blob b) 2sN blobs  
Fig. 3  - ZIT-exchange diagrams, the  imaginary p a r t s  of which c o n t r i b u t e  t o  a 
I n e l '  The 
nucleon p o l e  is  excluded from the  s N  b lobs .  
where t h e  b lobs  r e p r e s e n t  t h e  s N  i n t e r a c t i o n  wi thout  t h e  nucleon-pole con t r ibu t ion .  
One o b t a i n s  ( s e e  eq. 2.8) 
I ~ T I ~ ~ ' ( W , ~ )  = -  - (4.5) 
4112 
The double s p e c t r a l  f u n c t i o n s  y ( w , t f )  a r e  given by eq. (2 .9 ) .  P r o j e c t i n g  eq. (4.5) on 
p a r t i a l  wave, one o b t a i n s  f o r  t h e  i n e l a s t i c i t y  parameters i n  Born approximation 
wi th  
CO 
,- 
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2 2 For a given energy, w = 4(m + k ), and a g iven  J , t h e  Legendre func t ion  of t h e  second 
kind QJ a c t s  l i k e  a damping f a c t o r  a t  h igh t ' ,  suppress ing t h e  unknown s h o r t  range,  
heavy meson exchanges o r  quarks f o r c e s ,  c o n t r i b u t i o n s  t o  y (w, tS ) .  Never theless  depen- 
ding on J and on t h e  energy our  r e s u l t s  w i l l  show some s e n s i t i v i t y  t o  t h e  maximum 
va lue  of t ' ,  tAax, up t o  which we s h a l l  perform t h e  i n t e g r a t i o n .  
Following r e f .  (16) one can a l s o  u n i t a r i z e  v i a  a K-matrix procedure. One w r i t e s  t h e  
f u l l  p a r t i a l  wave S-matrix a s  
t h e  r e a l  K ma t r ix  being J 
I f  one n e g l e c t s  t h e  K 
+ 
t r a n s i t i o n s  one can show t h a t  
wi th  
U 
S N ' J )  = , m(J) + i I m  hJ 
The K m + N N ( J )  being r e l a t e d  t o  t h e  NN phases of t h e  P a r i s  p o t e n t i a l  ex t rapo la ted  a t  
h igh energy, e.g.  f o r  uncoupled waves we have 
The imaginary p a r t  I m  hJ ( s e e  eq. 4.7) is t h e n  c a l c u l a t e d  from t h e  1-and 2-rrN blob 
diagrams (Fig. 3) .  
We h e r e  considered on ly  t h e  S (R=O) and P (R=l) wave of t h e  Karlsruhe-Hels inki  78 
a n a l y s i s  /12/.  We used f o r  t h e  1-blob diagram a t '  cut-off of 4@2.  Such a va lue  was 
chosen h e r e  t o  s imula te  t h e  c a n c e l l a t i o n  of t h e  rr exchange by t h a t  of t h e  P which was 
demonstrated i n  t h e  work of r e f .  (16) and a l s o  t o ' r e p r o d u c e  0!gel around 1 GeV 1171. 
The ttmaX c u t  o f f  f o r  t h e  2-blob diagram was chosen t o  b e  70u2 i n  such a way t h a t  
a;:el b e  c losed t o  t h e  experimental va lue  a t  1.5 GeV / IS / .  
The r e s u l t s  f o r  t h e  1-blob and 1+2-blob diagrams a r e  compared t o  t h e  exper i -  
mental p o i n t s  /17,18/ and t o  t h e  f i t  of r e f .  (19) i n  Fig. 4. It can  b e  seen t h a t  
below 1 GeV t h e  2-blob c o n t r i b u t i o n  is  n e g l i g i b l e .  We found t h a t  t h e  P 33 *N 
( A ,  1232 MeV) dominates t h e  1- and 2- blob diagrams. The c o n t r i b u t i o n  of each p a r t i a l  
wave is shown i n  Fig. 5 i n  such a way t h a t  t h e  r e s u l t  of p rogress ive ly  summing waves 
wi th  success ive ly  dec reas ing  L o r  J va lues  is immediatly v i s i b l e .  The L a 5  waves a r e  
not  ve ry  s e n s i t i v e  t o  t h e  u n i t a r i z a t i o n  and t o  t h e  c u t  o f f  t&ax. The s e n s i t i v i t y  of 
t h e  2 < L  < 5  waves i n c r e a s e s  wi th  energy. The lowest waves L d l  which cannot be  com- 
puted i n  a r e l i a b l e  way i n  our model g ive  a r e l a t i v e l y  smal l  con t r ibu t ion .  one should 
n o t i c e  t h e  important c o n t r i b u t i o n  from 3 ~ 3 ,  I G ~ ,  3~~ and 3 ~ 4 .  
Fig. 4 - I n e l a s t i c  pp cross-sect ion Fig. 5 - P a r t i a l  wave con t r ibu t ions  t o  
from t h e  1- and 1+2 - blob diagrams t h e  i n e l a s t i c  pp cross-sect ion 
112 (1.1) 1 BLOB 
.S 1.0 1.5 2.0 2.5 
Fig.  6 - I n e l a s t i c  np cross-sect ion Fig. 7  - I sosp in  0  p a r t i a l  wave c o n t r i -  
from t h e  1- and 1+2 - blob diagrams but ions  t o  t h e  i n e l a s t i c  np cross-sect ion 
S imi la r  curves  f o r  a r e  p l o t t e d  i n  Figs: 6 and 7. Recal l  
As expected from t h e  f a c t  t h a t  t h e  1- blob diagram wi th  t h e  P33 does not  con t r ibu te  
- - 
t o  t h e  i sosp in  I = O  cross-sect ion t h i s  cross-sect ion i s  very smal l  below 1 GeV. Above 
1 GeV t h e  1- blob con t r ibu t ion  t o  t h e  1=0 cross-sect ion a r i s e s  mainly from t h e  1- 
blob diagram with  t h e  S and P, i sosp in  1/2 ,  nN waves, t h e  2-blob con t r ibu t ion  which 
is l a r g e  comes he re  a l s o  mainly from 2 P (2A) exchanges. Here (Fig. 7) t h e r e  a r e  3 3 3 important con t r ibu t ions  t o  u;Kel from t h e  3~ and D i n e l a s t i c i t i e s .  T t  should be 5 3 
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noted t h a t  the  1 blob diagram with t h e  PI1 cont r ibu tes  weakly t o  a l l  i n e l a s t i c i t i e s  
except t o  t h e  ' G ~  one t o  which it is  t h e  main contr ibut ion.  Let us  remark t h a t ,  t o  
our knowledge, t h i s  is  t h e  f i r s t  work t o  use  dispersion r e l a t i o n s  t o  c a l c u l a t e  high 
p a r t i a l  wave NN i n e l a s t i c i t i e s .  Such an approach has been however recen t ly  applied 
t o  t h e  nN s c a t t e r i n g  case 1201. 
Before closing t h i s  sec t ion  we give i n  r e f .  (21) a  l i s t  of authors  who have a l s o  
studied t h e  NN i n e l a s t i c i t i e s  from t h e  n and A (and eventual ly P l l )  degrees of f ree-  
dom. Furthermore Kloet and Tjon 1221 have recen t ly  studied t h e  model dependence of 
the  NN i n e l a s t i c i t i e s  of some of these  ca lcu la t ions .  
V - SPIN DEPENDENCE OF THE PARIS fi INTERACTIONS 
A t  low energy f o r  TL .4 GeV or  pL<.96  GeV/c t h e  use of t h e  Schrijdinger equation 
f o r  NN is a s  adequate as  i n t h e  NN case,  however one has t o  t ake  i n t o  account t h e  
ann ih i la t ion .  One can use coupled channel equation 1231 or  equivalent ly introduce 
an o p t i c a l  p o t e n t i a l  1241. The P a r i s  i n t e r a c t i o n  1251 uses a n  o p t i c a l  p o t e n t i a l  
The long and intermediate  range r e a l  p o t e n t i a l  U* is given by t h e  G-parity transform 
of t h e  P a r i s  NN p o t e n t i a l  
Utheoret  i c a l  (G, nn exchange) = (-1)" vtheoretical (NN, nn exchange) (5 .2)  
The OPE , w and A1 exchange po ten t ia l s  change t h e i r  s ign ,  one then ob ta ins  a  
s t rongly a t t r a c t i v e  p o t e n t i a l  which could g ive  r i s e  t o  bound s t a t e s  and resonances 
1261. The shor t  range part,which could be i n  p r i n c i p l e  calculated i n  terms of quark 
forces, is  determined phenomenologically i n  t h e  P a r i s  po ten t ia l .  
The imaginary p a r t  of t h e  p o t e n t i a l ,  W - i s  r e l a t e d  v i a  t h e  u n i t a r i t y  t o  t h e  modulus NN 
square of t h e  NN ann ih i la t ion  i n t o  mesons 125,271. It is  expected .to be of shor t  
range, t h e  lowest mass of t h e  t exchange being t h a t  of 2m, and t h e  range w i l l  be 
It is  a l s o  expected t o  be non-local and s t a t e  dependent. I n  t h e  P a r i s  NG p o t e n t i a l ,  
W - was parametrized, f o r  both isospin,  a s  NN 
The modified Bessel funct ion K (2mr) arises-from the  ca lcu la t ion  of t h e  imaginary 
par t  of a  box diagram with 2noand a  N and N exchanges. The unknown shor t  range p a r t  
of U - and t h e  parameters g NN C,  f C ,  gSS e t c . . .  were adjusted t o  f i t  t h e  ex i s t ing  d a t a  
- - 
doPP + nn 
(PF). a to t (p i ) ,  apP + n i  of - dcl and ~ ( p p ) ,  1251 
Before i l l u s t r a t i n g  t h e  sp in  dependence,some predict ions o f t h i s  model on dalda 
- - 
of pp + nn a r e  shown i n  Fig. 3  of r e f .  (28) f o r  78.8 MeV 4 TL 6 282.2 MeV. The 
predict ions a r e  r a t h e r  good except a t  forward angle where t h e  d i p  is too pronounced. 
This could be due t o  t h e  f a c t  t h a t  t h e  Coulomb in te rac t ion  i n  t h e  entrance channel 
was not taken i n t o  account. Work t o  include t h i s  cor rec t ion  is  i n  progress. Fig. 8  
shows the  f a i r  agreement of t h e  pure I=1, pn + pn, do/dt of t h e  P a r i s  p o t e n t i a l  t o  
thg values of Caro e t  a l .  1291 a t  TL = 390 MeV (pL = .940 GeV/c). 
The s e n s i t i v i t y  of some NN observables  
t o  d i f f e r e n t  s p i n  components of U - NN 
and W - and t o  t h e  energy dependence NN 
of W - a r e  i l l u s t r a t e d  i n  Figs .  9  t o  
11. NN Fig.  9  shows t h a t  t h e  backward 
= .34 GeVlc do/dCl,which compares we l l  t o  t h e  mea- 
surements of r e f .  (30), i s  ve ry  s e n s i t i -  
v e  t o  t h e  t ensor  component UT of U - NN 
l o2  Coro (1973) and t o  a  l e s s e r  e x t e n t  t o  t h a t  of t h e  
sp in -o rb i t  ULS. It is a l s o  very sens i -  
t i v e  t o  t h e  energy dependence of W - NN 
but  much l e s s  s e n s i t i v e  t o  t h e  sum, 
LS T  
10" - W - + W -, of t h e  sp in -o rb i t  and t ensor  NN NN 
p o t e n t i a l  of WNi. Th i s  s t rong  energy 
dependence is  expected a s  t h e  presence 
of an  imaginary p a r t  of V e  r ep laces  a  
11 I ( ~ e ~ / c ) ~  coupled channel problem where t h e  aper- 
I - ,  L t u r e  of new a n n i h i l a t i o n  channels  i s  
0 0.5 energy dependent. Th i s  s tudy on t h e  
p o l a r i s a t i o n  a t  T, = 230 MeV, compared 
,., 
Fig.  8 - P r e d i c t i o n  of t h e  P a r i s  f poten- t o  t h e  measurement of r e f .  (31) i n  Fig. 
t i a l  f o r  d a / d t  of pn + pn a t  P  =.94 ~ e V / c  10, shows a  s i m i l a r  pa te rn .  It can be 
(TL = '39 GeV). L fur thermore seen t h a t  below 90°, t h e  
p o l a r i s a t i o n  i s  mainly given by t h e  
da/dn (mb/ sr) + Alston Garnjost et al. 
8 = 174' (1979) 
~ i g .  9-- S e n s i t i v i t y  of t h e  
pp + pp backward do/dQ t o  t h e  
d i f f e r e n t  components of VNi; 
c a l c u l a t i o n  wi th  t h e  comple- 
t e  p o t e n t i a l  : - , 
wi th  V1=UC+USS-iWNi : - -, 
v =v +u 2 1  T : - - - - - -  ' 
v =v +u . . . ... . . . . . 
3  2 L S '  
LS T  w - + w - = 0 :-.-.- and 
NN w.- 
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Fig. 10 - The same a s  i n  Fig.9 bu t  f o r  t h e  pp P o l a r i s a t i o n  a t  TL = .230 GeV. 
8 (degrees) C M 
. ~ ~ ' ~ . . ' . . ~ l ' . ' l ' . ' l " ~ l ' ~ " " ' l ~ . '  0 20 40 60 80 100 120 140 160 180 
Fig. 11 - A s  i n  Fig .  9  bu t  f o r  t h e  p i  Depo la r i sa t ion  a t  TL = .230 GeV. The r e s u l t s  
LS T 
wi th  W e  + WNfi = 0 and s t a t i c  W -, v e r y  c l o s e  t o  t h a t  wi th  t h e  complete p o t e n t i a l ,  NN 
a r e  no t  p l o t t e d .  
t ensor  f o r c e  UT. The d e p o l a r i s a t i o n  parameter (Fig. 111, i n s e n s i t i v e  t o  t h e  energy 
LS T I ,  dependence of W - and t o  W - + W -, is  a l s o  mainly given by t h e  t ensor  f o r c e  UT. This  NN NN NN 
important t ensor  component of U - is due h e r e  t o  t h e  coherent  a d d i t i o n  of t h e  t ensor  NN 
f o r c e s  of t h e  n-, 2n- ( i n  p a r t i c u l a r  2n c o r r e l a t e d  i n  P wave i . e .  t h e  p meson) and 
w- exchanges. The sp in -o rb i t  f o r c e  p lays  a l e s s  important r o l e .  Th i s  is  t h e  r eve r se  
s i t u a t i o n  of t h e  NN c a s e  a s  has  been r e c a l l e d  i n  s e c t i o n  I11 and i l l u s t r a t e d  i n  r e f .  
(14) and is  a  consequence of t h e  G-Parity t ransformat ion.  Such a  f a c t  has  been a l s o  
found and shown i n  r e f .  (32).  
VI - SOME CONCLUDING REMARKS AND OUTLOOK 
A t  low energy, TL < .35 GeV o r  pL 6 .88 ~ e V / c  t h e  long and in te rmed ia te  range NN fo r -  
c e  f s  we l l  understobd i n  terms of meson exchanges. The s p i n  e f f e c t s  (P,D,A, ... ) a r e  
w e l l  explained by a  long range t ensor  f o r c e  a r i s i n g  from n- and 2n- ( co r re la t ed  i n  
P- wave i . e .  t h e  p) exchange p lus  an  in te rmed ia te  range sp in -o rb i t  f o r c e  (exchange 
of 2n c o r r e l a t e d  i n  P- wave i . e .  t h e  p).  I n  t h e  P a r i s  p o t e n t i a l  t h e  s h o r t  range p a r t  
was t r e a t e d  phenomenologically, however one should b e  a b l e  t o  exp la in  it i f  t h e  
theory  of s t rong  i n t e r a c t i o n  was f u l l y  understood. 
Some a t t e m p s t o d e r i v e  s h o r t  range f o r c e s  have been made wi th in  t h e  Quantum Chromo- 
dynamic framework. These microscopic approaches 133,341 depend on t h e  quark-quark 
f o r c e s ,  t h e  quark confinement mechanism and t h e  wave func t ion  of over lapping nucleons 
and t h e i r  dynamics. There has  been a l s o  hybr id  quark-nucleon models where an  inne r  
r eg ion  of quarks j o i n s  i n  a  smooth way t o  a n  o u t e r  r eg ion  of nucleons 1351. 
It h a s  been suggested by Skyrme 1361 t h a t  t h e  nucleon could b e  a  s o l i t o n  i n  t h e  n  
and o f i e l d .  Recently Adkins, Nappi and Wit ten 1371 have quat ized t h e  Skyrme s o l i t o n  
and f i t t i n g  t h e  N and A masses, they were a b l e  t o  d e s c r i b e  t h e  s t a t i c  p r o p e r t i e s  of 
t h e  nucleon w i t h i n  30%. A baryon-baryon f o r c e  can then be c a l c u l a t e d  a s  r e s u l t i n g  
from a  s o l i t o n - s o l i t o n  i n t e r a c t i o n .  A s t a t i c  NN p o t e n t i a l  has  been r e c e n t l y  der ived 
i n  r e f s .  (38) and (39) wi th  t h e  approximation t h a t  t h e  f i e l d  conf igura t ion  f o r  two 
s o l i t o n s  is  a  product of two s i n g l e  s o l i t o n  f i e l d s .  I n  r e f .  (39)  it was found t h a t  
t h i s  s o l i t o n - s o l i t o n  i n t e r a c t i o n  g i v e s  rise t o  a  long range t ensor  p o t e n t i a l  ve ry  
c l o s e  t o  t h a t  of a  r exchange of zero mass. A t  s h o r t  range a  c e n t r a l  r epu l s ion  is  
obtained.  Furthermore no t  on ly  NN -t NN bu t  a l s o  NN -t NA and NA + NA s t a t i c  p o t e n t i a l s  
were der ived.  Some non s t a t i c  f o r c e  terms h a s  been a l s o  considered i n  r e f .  (40).  
Theore t i ca l  h igh  p a r t i a l  wave i n e l a s t i c i t i e s  a r i s i n g  from n and A degrees  of freedom, 
should be  used a s  c o n s t r a i n t s ,  w i th  some model dependent e r r o r s , i n  PSA, i n  p a r t i c u l a r  
waves wi th  L >, 4 f o r  TL ,< 1 GeV (pL \< 1.7 GeVlc) and L 5 f o r  1 GeV < TL ,< 2.5 GeV 
(1.7 GeV/c < p L 4 3 . 3  GeV/c). 
The u s e  of G-parity t ransformat ion t o  b u i l t  up t h e  long and in te rmed ia te  range % 
f o r c e  from t h e  NN f o r c e  t e s t s  coherences between meson exchanges. The s tudy of s p i n  
e f f e c t s  wi th  t h e  P a r i s  NN p o t e n t i a l  has  shown t h e  importance of a  s t rong  t ensor  fo r -  
ce ,  h e r e  t h e  n  + 2r (p)  + w exchange t ensor  f o r c e s  add coheren t ly ,  t h e  r o l e  of t h e  
sp in -o rb i t  f o r c e  being weaker. The phenomenological annihilation,constrained t o  be  
s h o r t  ranged i n  t h e  P a r i s  p o t e n t i a l ,  a s  p red ic ted  by meson theory ,  shows a  weak s p i n  
dependence bu t  a  s t r o n g  energy-dependence. There has  been d i f f e r e n t  t r i a l s  t o  d e r i v e  
t h e  a n n i h i l a t i o n  i n  terms of qq f o r c e s  e i t h e r  i n  terms of quark rearangement models 
and/or in t e rms  o f a n n i h i l a t i o n  diagrams /41/.  It should be  noted t h a t  only few po la r i -  
s a t i o n  measurements around 230 MeV and 379 MeV e x i s t  s o  f a r .  More d a t a  on s p i n  obser- 
v a b l e ~  (P,D,D ,... ) a r e  needed t o  f u l l y  exp la in  t h e  s p i n  dependence of t h e  NN i n t e r -  
a c t i o n .  Some 8 a t a  w i l l  b e  hopeful ly  soon a v a i l a b l e  from LEAR 1421. 
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